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PROCESS FOR TREATMENT OF RADIOACTIVE WASTE 
FIELD OF THE INVENTION 

The field of the invention is immobilization of radioactive wastes. 
BACKGROUND OF THE INVENTION 

The use of radioactive compounds in the industry leads to the acute need for useful 
means of disposal of the waste of said radioactive compounds. Thus, there is a need 
for an efficient, comprehensive, process for immobilizing radioactive waste. 

SUMMARY OF THE INVENTION 

According to a first aspect, referred to hereinafter as "aspect I" the present invention 
relates to a process for immobilizing radioactive wastes comprising the steps of: 

a) bonding a radionuclide to a host mineral; 

b) covering the particles resulting from step (a) with the same host mineral by 
epitaxy; and 

c) covering the result of step (b) with a rock; said rock comprising components of 
said host mineral. 

According to a second aspect, referred to hereinafter as "aspect IT, the present 
invention relates to a process for immobilizing radioactive wastes comprising the 
steps of: ^> 

a) bonding a radionuclide to a host mineral; 
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b) sintering the result of the previous step with additional host mineral, this step 
being performed once or twice, as will be explained hereinafter; and 

c) covering the result of step (b) with a rock, said rock comprising components of 

■ 

said host mineral. 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

The term "host minerals" is defined throughout this document as minerals in which 
radionuclides may be incorporated. 



The term "flux" is defined throughout this document as any chemical substance used 
to reduce the temperature of a process. 

i 

The term "nuclide" is defined throughout this document as a chemical substance in 
which essentially all atoms have the same atomic number and mass number. 

The term "radionuclide" is defined throughout this document as a radioactive nuclide. 

The term "activation" when referring to host minerals is defined throughout this 
document as any process which enhances the capability of host minerals to absorb 
radionuclides. 

The term "active" when referring to host minerals is defined throughout this 
document as capable of-absorbing radionuclides. 
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The term "epitaxy" is defined throughout this document as an oriented overgrowth of 
crystalline material upon the surface of a host mineral of slightly different chemical 
composition but similar structure. 

The term "sintering" is defined throughout this document as the thermal treatment of 

a powder or compact at a temperature below the melting point of the main constituent, 

for the purpose of increasing its strength by bonding together of the particles. r 

The term "effective covering" in the context of covering host mineral containing 
radionuclides is defined throughout this document as covering host mineral containing 
radionuclides so that there is no chemical interaction between the host mineral 
containing radionuclides and the biosphere. 

[absorption]According to one embodiment the bonding of the radionuclide to the 
host mineral in step (a) is achieved by bringing a solution of a radionuclide in a 
solvent in contact with an active host mineral. This can be performed by stirring the 
radionuclide with the host mineral, by filtering the radionuclide solution through the 
host mineral or by any other absorption method known in the art. 

[synthesis I] According to another embodiment the bonding of the radionuclide to the 
host mineral in step (a) is achieved by mixing oxides of the components of the host 
mineral with oxides of the radionuclides at a temperature of up to 1200°C. 
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[synthesis 2] According to another embodiment the bonding of the radionuclide to the 
host mineral in step (a) is achieved by mixing oxides of the components of the host 
mineral with radionuclides dissolved in a solvent at a temperature up to 1200°C. 

In all these 3 embodiments, the final product is a host mineral in which the 
radionuclide-oxides have replaced cations of the host mineral. 

i 

[epitaxy] According to one embodiment, the covering of step (b) in aspect I may be 
achieved by the steps of: 

1) mixing the result of step (a) of aspect I with rock or flux and heating to a 
temperature of up to 1000°C, said rock or flux comprising components of said 
host mineral; 

2) allowing for an effective covering of the host mineral to form on said result of 
step (a). 

According to this embodiment, step 2) may be achieved by cooling the rock or flux at 
a constant or inconstant rate or essentially maintaining the temperature achieved in 
step (1). 

According to this embodiment if flux was used, the flux is then removed at this point 
by dissolving the result of step 2) either in boiling water or in another solvent and then 
separating the host mineral from the boiling water or the solvent which now contains 
the components of the-flux. 
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In the event that flux was used, the result is encapsulated crystals that must be put in a 
matrix. This is done by mixing the crystals with melted rock that is the same as that 
found in the disposal site and which contains the host mineral. This mixture is then 
heated above the melting point of the rock but below the melting point of the crystals 
(between 800°C and 1200°C). 

I 

The product of step (b) of aspect II subsequent to the performance of said step (b) is a 
high-density ceramic in which crystals containing radionuclides are surrounded by the 
same crystals without radionuclides. However, subsequent to the performance of said 
step (b) the first time, there still remain some radioactive crystals on the surface of 
said ceramic. 

The product of step (b) of aspect II subsequent to the second performance of said step 
(b) is a high-density ceramic in which there are essentially no crystals containing 
radonuclides on the surface. 

According to an embodiment of the invention, the result of steps (b) and (c) can be 
obtained by performing one step if the rock matrix has sufficient amount of the 
components of the host mineral to produce a thick epitaxial layer. 

[disposal site rock covering] According to another embodiment, the covering of the 
result of step (b) may be achieved by the steps of: 
1) mixing the result ofstep (b) with rock at temperature up to 1200°C, said rock 
containing components of said host mineral; and 
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allowing for an effective covering of the rock to form on the host mineral in 
such a way that no radionuclides are in contact with the surrounding environment. 

According to this embodiment, step 2) may be achieved by cooling the rock at a 
constant or inconstant rate or essentially maintaining the temperature achieved in step 

(1) " " „ 

According to this embodiment the result is encapsulated crystals containing 
radionuclices in a rock matrix. 

The host minerals used in the present invention are typically but not limitatively 
selected from the group that consists of phosphates, silicates and clays. 

The rocks used in the present invention are typically but not limitatively selected from 
the group that consists of granitoid, dacate, andesite, basalt, ultrabasic rocks, 
carbonatites, amphibolites and clays. 

Some host minerals cannot retain radionuclides in natural conditions in which case 
contact with solvents will cause the radionuclides to be removed from the host 
minerals. These host minerals must be transformed to minerals that can retain 
radionuclides. In such cases, this transformation is performed subsequent to step (a) 
by heating the host mineral to a temperature up to 1000°C. Thus zeolites must be 
transformed into feldspar by heating at a temperature between 600°C and 1000°C for 
up to 1 day. 
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Preferably, the result of step (a) is washed in water and dried in heat prior the 
performance of step (b), preferably at about 400°C. 

In all instances that rock is used for covering, it is advisable to use a type of rock 
similar or identical to the type of rock present in the burial site in order to add to the 
stability of the rock layer of the present invention. 



EXAMPLES 

The following examples are intended to illustrate certain embodiments of the present 
invention, and by any means should not be used in order to limit the scope of the 
claims. 

Example 1 

A synthetic Na-zeolite was crushed and heated to about 400°C for about 12 hours. 
Cerium was dissolved in nitric acid resulting in a liquid containing Cerium. This 
liquid was then filtered through the Na-zeolite at room temperature. The Na-zeolite 
was then washed in water at room temperature and then dried at 400°C for about 12 
hours. It was then heated for about 6 hours at about 800°C resulting in the Na-zeolite 
being transformed into feldspar containing Cerium. It was then mixed with sodium 
tetraborite containing feldspar. The result was heated until melted for about 36 hours 
at about 95O°C-1000°C and cooled by gradual decrease of temperature to 400°C for 
8 hours. The sodium tetraborite was then removed with boiling water, leaving crystals 
with Cerium inside covered with a feldspar layer. Crushed obsidian was mixed with 
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the covered crystals and heated at about 1000°C for several hours and then cooled by 
gradual decrease in temperature to 400°C for 8 hours, resulting in an obsidian matrix 
which contained feldspar crystals containing Cerium covered by a feldspar layer. 

Example 2 

Ce 2 0 3 and NaP0 3 and La 2 0 3 (the components of monazite) were taken and about 
10-15% of the Cerium was replaced by Uranium and Thorium. This was done when 
all of these components were heated together at 1200°C for about 2 days. The result 
was synthesized monazite in which part of the Cerium and Lantanium were replaced 
by Uranium and Thorium. The synthesized monazite was then quenched. It was then 
mixed with Na 2 B 4 O 7 10H 2 O containing Ce 2 0 3 + P 2 O s . This was then heated at 900°C 
for about 2 days. This was then cooled to room temperature for 8 hours by turning off 
the furnace. Next the Na 2 B 4 0 7 . 10H 2 O was dissolved in boiling water, leaving 
monazite crystals with Uranium and Thorium inside covered with monazite without 
Uranium and Thorium. These crystals were then mixed with crushed obsidian and 
melted at 1000°C for several hours, and then cooled by gradual decrease of 
temperature to 400°C for 8 hours. This resulted in a block of obsidian with the 
encapsulated monazite crystals inside. 

Example 3 

Ce 2 0 3 and NaP0 3 and La 2 0 3 (the components of monazite) were taken and about 
10-15% of the Cerium was replaced by Uranium and Thorium. This was done when 
all of these components were heated together at 1200°C for about 2 days. The result 
was synthesized monazite in which part of the Cerium and Lantanium were replaced 
by Uranium and Thorium. The synthesized monazite was then quenched. The 
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synthesized monazite containing the Uranium and Thorium was mixed with natural 
monazite of the same composition not containing Uranium and Thorium. About 25% 
of the synthesized monazite was mixed" with 75% of the natural monazite. This 
mixture was heated to about 900°C-1000°C for about 1 day and then was cooled by 
gradual decrease of temperature to room temperature for 8 hours. At this point 
crystals were obtained containing Uranium and Thorium surrounded by crystals 
without Uranium and Thorium. Some Uranium and Thorium crystals remained on the 
surface. The crystals were added to crushed monazite and heated to about 
900°C-1000°C for one half hour resulting in the addition of a monazite layer covering 
the synthesized monazite. This was then cooled by gradual decrease of temperature to 
room temperature for 8 hours. The result was mixed them crushed obsidian and 
melted at about 1000°C for about 1 day. This was then cooled by gradual decrease of 
temperature to room temperature for 8 hours. 
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CLAIMS 

1) A process for immobilizing radioactive wastes comprising the steps of: 

a) bonding a radionuclide to a fibst mineral; 

b) covering the result of step (a) with the same host mineral, by epitaxy; and 

c) covering the result of step (b) with a rock, said rock comprising 
components of said host mineral. 

2) A process for immobilizing radioactive wastes comprising the steps of: 

a) bonding a radionuclide to a host mineral; 

b) sintering the result of the previous step with additional host mineral; and 

c) covering the result of step (b) with a rock, said rock comprising components of 
said host mineral. 

3) A process for immobilizing radioactive wastes comprising the steps of: 

a) bonding a radionuclide to a host mineral; 

b) .sintering the^f^dfis resulting from the previous step with additional host 

mineral and further sintering the sintered material with additional host 
mineral; and 

c) covering the result of step (b) with a rock, said rock comprising components of 
said host mineral. 

4) A process according to any of claims 1-3 in which step (a) is achieved by 
absorbing the radionuclide to the mineral. 
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5) A process according to claim 4 in which the absorption is performed by stirring 
a solution comprising the radionuclides with the host mineral. 

6) A process according to claim 4 in which the absorption is performed by 
filtering a solution containing the radionuclides through the host mineral. 

7) A process according to any of claims 1-3 in which step (a) is achieved by 
mixing oxides of the components of the host mineral with oxides of the 
radionuclides at a temperature of up to 1200°C. 

8) A process according to any of claims 1-3 in which step (a) is achieved by 
mixing oxides of the components of the host mineral with radionuclides dissolved 
in a solvent at a temperature up to 1200°C. 

9) A process according to any of claims 1-3 in which the result of step (a) of any 
of claims 1-3 is heated to a temperature up to 1000°C prior to the performance of 
the corresponding step (b) 

10) A process according to claim 1 in which step (b) is achieved by the steps of: 

(I) mixing the result of step (a) of claim (1) with rock or flux and heating to a 
temperature of up to 1000°C, said rock or flux comprising components of 
said host mineral; and 

(II) allowing for an effective covering of the host mineral to form on said 
result of step (a). 
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1 1) A process according to claim 10 in which step (II) is performed by any method 
selected from: 

a) cooling the rock or flux at a constant rate; 

b) cooling the rock or flux at an inconstant rate; and 

c) maintaining the temperature achieved in step (I). 

12) A process according to any of the preceding claims wherein in the event that 
flux is used, it is removed by dissolving the flux in boiling water or in another 
solvent in which the flux is soluble and the host mineral is essentially insoluble 
and separating the host mineral from the solution comprising flux. 

13) A process according to any of the preceding claims wherein in the event that 
flux is used, the result of step (II) in claim (10) is mixed with rock and heated to a 
temperature that is above the melting point of the rock but below the melting point 
of said result of step (II) of claim (10). 

14) A process according to claimH in which the mixture is heated to a 
temperature of between 800°C and 1200°C. 

15) A process according to any of the preceding claims in which step (c) is 
performed by the steps of: 

(I) mixing the result of step (b) with rock, and heating to a temperature up to 
1200°C, said rock containing said host mineral; and 

(II) allowing for an effective covering of the rock to form on the host mineral. 
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16) A process according to claim 15 in which step (II) is performed by any method 
selected from: 

a) cooling the rock or flux at a constant rate; 

b) cooling the rock or flux at an inconstant rate; and 

c) maintaining the temperature achieved in step (I). 

17) A process according to any of the preceding claims in which the host minerals 
are one or more selected from the group that consists of phosphates, silicates and 
clays. 

18) A process according to any of the preceding claims in which the rock is one or 
more rocks selected from the group that consists of granitoid, dacate, andesite, 
basalt, ultrabasic rocks, carbonatites, amphibolites and clays. 

19) A process according to any of the preceding claims in which steps (b) and (c) 
of claim 1 are combined to one step by adding an additional amount of the 
components of the host mineral to produce a thick epitaxial layer. 
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